Introduction {#s1}
============

In parallel with the development of computer science and information technology over the last decades, the workplace has evolved to be ever more mediatized by computers. Subsequently, understanding the constraints that the use of hypermedia represents for the worker has become an ever more important issue in the field of human-computer interaction and technology acceptance. In particular, the study of mental workload has been the subject of close attention because it is often seen as a constraint for the user. In spite of this growing interest, there are still many issues concerning the components of cognitive load (CL) as well as the measurement methods that are currently available. In order to impart a better understanding of these issues, this paper approaches cognitive load as a multifactorial concept, such as is defined by Cognitive Load Theory (CLT) (Sweller, [@B64]; Sweller et al., [@B66]). In an attempt to investigate how cognitive load factors are affected by the environmental characteristics of hypermedia, an exploratory study was conducted in the context of online news reading. Firstly, we will be presenting the background of CLT and the cognitive load factors that pertain to this theory as well as the issues related to these concepts. Then, we will focus on the objective and subjective measurement methods that are commonly used to assess cognitive load and our research questions will be stated. As this study involves a two-phase experiment, methods and results will be split and presented accordingly. Finally, results will be discussed, and the limitations and implications of this study will be outlined.

Cognitive load theory
---------------------

Based on Hitch and Baddeley\'s model of working memory ([@B31]), the CLT was originally developed by Sweller ([@B64]) in the fields of education and instructional design. CLT assumes that storage and information processing are based on two interdependent systems. The working memory, that deals with information processing and the long-term memory that stores information in the form of schemata. CLT refers to schema theory (Chi et al., [@B18]) to explain how individuals acquire and store information by integrating lower-order schemata with higher ones. CLT assumes that working memory resources are limited and that processing and maintaining information uses a certain proportion of these resources. So, once a determined amount of information is stored in a single schema, it can be maintained in working memory at a lower cognitive cost. CLT approaches the cognitive load as a multifactorial concept that encompasses different sources of cognitive load generating specific loads.

Sweller ([@B64]) distinguishes between three different cognitive loads. Intrinsic load (IL) is directly related to the learning material (or task) and defined by the number and interactivity of elements that have to be processed. An element being defined as "anything that needs to be or has been learned, such as concept or procedure" (Sweller, [@B65], p. 124). Interactivity concerns the relationships among elements. For instance, a list of chemical symbols could be seen as low interactive material because these elements are not dependent, though learning to solve second degree equations represents a high interactivity material. Intrinsic load is dependent on the learner\'s level of expertise because, the more experienced he or she is, the more they will be able to shrink information on high-order schemata that minimize the cognitive cost of maintaining elements in working memory. Extraneous Load (EL) refers to those mental resources devoted to elements that do not contribute to learning and schemata acquisition or automation. It is mainly related to the information presentation and the instructional format that could both increase the user\'s overall cognitive load without enhancing learning. It has to be kept as low as possible in order to keep available an adequate amount of mental resources for learning. Germane load (GL) refers to the mental resources devoted to acquiring and automating schemata in long-term memory. Sweller et al. ([@B66]) conceptualized this load when they observed that some instructional formats could increase cognitive load and learning as well. If EL has to be reduced to avoid exceeding working memory resources, GL must be promoted to enhance learning (Ayres, [@B6]). With this in mind, CLT can explain how a rise in cognitive load can be beneficial for the task in hand instead of solely being linked to a drop in performance.

Nowadays, there has been a large debate among the CLT community about the triarchic model of cognitive load (see Schnotz and Kürschner, [@B58]; de Jong, [@B23] for a review). Researchers differ on the conceptualization of the loads as well as on the nature of the relationships between them. Schnotz and Kurshner consider that IL refers to task performance while germane load in not related to schemata acquisition but represents others cognitive processes that could enhance learning such as the conscious application of learning strategy. In other words, they claim that learning can occur without germane load but that GL can enhance learning (Schnotz and Kürschner, [@B58]). Kalyuga ([@B37]) goes a step further and argues that germane and intrinsic loads are two redundant concepts that cannot be distinguished. From his perspective, GL is seen as a theoretical construct without empirical evidence because there is no need to refer to GL to explain the main effects predicated by CLT (e.g., the split attention effect). Furthermore, Galy et al. ([@B26]) provided some empirical evidence to support Schnotz and Kurschner\'s claim in regard to the fact that GL could be related to strategies set up to enhance learning rather than schemata acquisition. According to de Jong ([@B23]) and Gerjets et al. ([@B28]) one of the main issues concerning these contrasting approaches is the *post-hoc* explanation problem. In the absence of reliable measurements for each load, the CLT cannot ever be refuted because it is always possible to attribute variation in the overall cognitive load to a source that corroborates the initial assumptions. For example, assuming that the overall load is kept constant, a decrease in performance will be attributed to a rise in extraneous load that impairs germane cognitive processes. Conversely, if the performance increases it will be attributed to a germane load enhancement made possible by a drop in extraneous load. In spite of this well-known problem, the CLT community still faces difficulties when it comes to the measurement methods to distinguish between types of load (Kirschner et al., [@B38]). In this regard, our study aims to provide some food for thought about the subjective and objective methods that can be used to disentangle the three kinds of load. The next section will present the measures that can account for cognitive load variations and how they have been applied with regard to CLT.

Measurement methods
-------------------

This section presents the measurement methods used to assess cognitive load with an emphasis on measures designed to distinguish between different loads. There are three types of methods to address the measure of cognitive load: subjective rating, performance-based measures and physiological measures (Brunken et al., [@B10]; Paas et al., [@B51]; Chanquoy et al., [@B14]; Galy et al., [@B26]).

The subjective rating scales are used to assess the cognitive load by referring to the subject\'s ability to self-evaluate his cognitive processes and the mental effort he requires for an activity. There are two types of scales: unidimensional scales which measure overall cognitive load like Subjective Cognitive Load Measurement scale (Paas and Van Merriënboer, [@B52]) and multidimensional scales that focus on the different components of load. Despite their intensive usage to estimate cognitive burden, unidimensional scales can be criticized in regard to CLT because they do not do justice to the multifactorial nature of cognitive load. As yet, it is nevertheless recognized that a single item of difficulty is a good indicator of overall cognitive load (Ayres, [@B6]). On the other hand, a multidimensional scale such as the NASA Task Load Index (NASA-TLX; Hart and Staveland, [@B30]) gives a broader evaluation of cognitive load. Initially based on six dimensions (performance, mental effort, frustration, task demand, physical demand, temporal demand) this tool has been adapted to the CLT context in several studies (e.g., Gerjets et al., [@B27]; Scheiter et al., [@B57]; Ceggara and Chevalier, [@B13]) in order to provide a measure of the three kinds of load. Cierniak et al. ([@B19]) developed a three-item scale with a difficulty rating for the learning content, difficulty of the material and concentration during learning, so as to, respectively, assess intrinsic, extraneous, and germane load. In spite of the fact that their approach to germane load using the self-reported measure of concentration met their assumptions regarding CLT, they concluded that their tool was unable to distinguish between intrinsic and extraneous load. More recently, Leppink et al. ([@B40]) have developed a ten-item subjective cognitive load scale with students attending lectures on statistics. In contrast to former studies that strove to differentiate measures of load factors (e.g., Ayres, [@B6]; DeLeeuw and Mayer, [@B24]), they used multiple items for each type of load in order to increase the accuracy of their tool. Intrinsic load was evaluated with three items referring to the complexity of the material, extraneous load with three items related to the negative characteristics of information providing during the classes and germane load by the mean of four items that dealt with the contribution of explanations and instructions to the learning. The three-factor solution indicated that their tool was able to distinguish properly between each load. Despite these promising results, regarding the evaluation of cognitive load, there are some limitations inherent to self-reported measures. For instance, subjective scales are often administered after the learning task and, in this way, are not able to express the variations of load over time.

Performance-based methods overcome these limitations by providing measures that can reflect variations encountered during the task. Assuming that learning is hindered when working memory capacity is overloaded; a drop in performance could be attributed to an increase in overall cognitive load. One of the most widely used techniques is the dual-task paradigm, in which researchers evaluate the performance in a secondary task performed in parallel to assess the cognitive load devoted to the main task. Various dual-tasks like response time to auditory stimuli (Chevalier and Kicka, [@B17]; Ceggara and Chevalier, [@B13]) or a visual monitoring task (DeLeeuw and Mayer, [@B24]; Cierniak et al., [@B19]) have been used to evaluate cognitive load. Despite their better temporal accuracy, performance-based methods are intrusive and can interfere with the experimental situation. Furthermore, they are difficult to apply in "real-life" learning situations outside the laboratory.

The third set of methods used for measuring cognitive load concerns physiological measures. The assumption behind these techniques is that cognitive load variations can be reflected in physiological parameters. Unlike rating scales or dual task techniques, these methods provide a high rate measurement with a high degree of sensitivity (Galy et al., [@B26]). So far, there is no consensus about which parameters should be monitored to best reflect mental load changes. For instance, Backs ([@B7]) or Mulder and Mulder ([@B49]) have shown that heart rate variability is related to task demand. Relationships between heart rate variability, skin conductance and respiration rate have been associated with mental workload while using a driving simulator (Mehler et al., [@B46]). Behavioral changes like speech rate, prosodic and linguistic changes (Chen et al., [@B16]) or tapping pace (Albers, [@B2]) have been related to cognitive load variations. Moreover, neuroimaging techniques like functional Magnetic Resonance Imaging (Whelan, [@B70]) or Near Infrared Spectroscopy (Ayaz et al., [@B5]) have been used to gauge variations in cognitive load.

With the democratization of eye-tracking devices, eye-related measures have become one of the most cost effective methods for monitoring user attention, processing demand and mental workload (for an in-depth review of methods and measures, see Rayner, [@B55]; Holmqvist et al., [@B33]). There are three classes of eye information that can be observed to monitor cognitive activity: eye movements (fixations and saccades), eye blinks and pupillary response (Chen and Epps, [@B15]). Fixation location and number of fixations can assess user-attention by indicating how many attentional resources are utilized between stimuli (Hyönä, [@B34]). Fixation duration and saccade length are assumed to be measures of processing demands or, put differently, cognitive load. There is strong evidence to show that longer fixation duration and shorter saccades are related to higher cognitive load (Holmqvist et al., [@B33]). Eye blink related measures are more controversial. While eye blink rate is related to task difficulty (Chen and Epps, [@B15]), blink latency does not seem correlated with cognitive load (Chen et al., [@B16]). Pupillary response is one of the most extensively studied measures of cognitive load. Relationships between an increase in cognitive load and pupil diameter have been found in various contexts varying from such as simple cognitive tasks (Backs and Walrath, [@B8]; VanGerven et al., [@B67]) to naval simulators (De Greef et al., [@B22]); driving (Marshall, [@B44]); e-learning (Liu et al., [@B41]); e-shopping (DiStasi et al., [@B25]) and an AI web-based tool (Buettner, [@B11]). Unlike eye movement or blinking, the pupillary reflex is under control of the autonomous nervous system and cannot be voluntary controlled by the subject, which explains the enthusiasm among researchers for this type of measure. Despite its expanding usage, this index suffers from the fact that it is sensitive to luminance variations (Jainta and Baccino, [@B35]; DiStasi et al., [@B25]). Based on pupillary response, the Index of Cognitive Activity (Marshall, [@B43]) has been designed to overcome interference from luminance variation (see Marshall, [@B42] for an in-depth explanation). In short, this index is based on the raw pupil data and a wavelet function analysis is made to distinguish unusual increases in the pupil size. It results in an index ranging from 0 to 1 that reflects the level of cognitive effort experienced by the subject.

This short review seeks to outline the diversity of eye-related measures that can be used to monitor cognitive activity. Some of them have been used in studies carried out within the CLT framework (e.g., Amadieu et al., [@B4]) but there is still no consensus of how cognitive load factors can be independently measured with eye-tracking methods as well as how they are related to a subjective rating scale (VanGog et al., [@B68]). As it is claim by Gerjets et al. ([@B28]) or Kirschner et al. ([@B38]), there is a pressing need to improve our knowledge of measures of cognitive load.

Study purpose, context, and research questions
----------------------------------------------

The aim of this paper is twofold. First, in an attempt to contribute to the understanding of the cognitive load components and the nature of germane load in particular, we undertake to provide both subjective and objective measures of cognitive load factors within the CLT framework. Second, we aim to provide insight into the way CLT can explain how users\' cognitive resources are utilized in the use of hypermedia such as an online newspaper. Although CLT has been mainly developed in the field of instructional design, there are, indeed, many studies dealing with the design of hypermedia (Hollender et al., [@B32]) such as e-learning systems (e.g., Amadieu and Tricot, [@B3]) or websites (Chevalier and Kicka, [@B17]) that emphasize the usefulness of CLT in these contexts. In the next section, research related to online news design is briefly introduced and assumptions regarding CLT are presented. Next, research questions concerning how subjective and cognitive measures of cognitive load could reflect load variations are raised.

### Multimedia and information retention from online news

In spite of growing interest in web user behavior over the last decades, very few studies have addressed the issue of the impact of web design evolution in particular reference to online news. For example, comparing information recall and recognition after reading articles from an online newspaper, Sundar ([@B62]) or Pipps et al. ([@B54]) have shown that content modality impacts user\'s information retention. Results showed that performance increased when pictures were added to textual news stories whereas the addition of audio or video content led to a drop in performance in information recall. As noted by Sundar ([@B62]) the beneficial effect related to the addition of images can be explained by the dual coding theory (Paivio, [@B53]) and the cue summation theory (Severin, [@B59]). The former claims that information is encoded in memory at a verbal and a non-verbal level by means of two independent sub-systems. This theory predicts that a stimulus concurrently presented in both modalities leads to deeper encoding and better recall. Likewise, the cue summation theory posits that images related to the text represent cues for learning and will enhance information retrieval in long-term memory. Regarding the impact of animation, many studies have shown that animations attract user\'s attention and decrease task performance. For instance, Zhang ([@B71]) indicated that in a web based information search task, animations distracted users and interfered with performance. Specifically, animations such as video advertisements and animated banners are known to be powerful distractor elements (Bayles, [@B9]; Burke et al., [@B12]).

Our study dealt with how variations in the amount of multimedia elements affect performance and cognitive load factors. To this end, three versions of an original online newspaper were developed. The general layout was kept constant but the presence of multimedia was modified in each website version (see Appendix [1](#SM1){ref-type="supplementary-material"} for an overview). In the text, pictures and animations version (henceforth referred to as TPA), the articles were presented side by side with images that illustrated the content but did not provide any additional information. These images were of different sizes and positioned alongside the paragraphs. Various animations were added, mainly in the form of animated advertising banners located on the left and right sidebars. A video advertisement was also integrated into the upper middle section at the right of the first paragraph. In the text and pictures version (henceforth referred to as TP)---all animations were removed, and the articles included text and pictures only. The animations zones were replaced by gray tint layers in order to account for the effect of layout. Finally, in the text-only version (henceforth referred to as TO), pictures and animations were removed in order to present a textual version without any multimedia content.

### Research questions

With respect to CLT principles, the following assumptions can be made. Given that the content of the articles is identical, intrinsic cognitive load (IL)---which is related to the complexity of material to learn---should not differ among the three website versions. In the TPA version, the presence of irrelevant animations will attract the users\' attention and place a demand upon cognitive resources and this rise in cognitive load will be extraneous, as it does not contribute to the learning process. Hence, assuming that IL represents a substantial amount of mental resources (Sweller, [@B65]), the remaining resources available for information processing and encoding---germane load---should be reduced by this rise in extraneous load.

In the original definition of CLT, germane load represents the load devoted to schemata acquisition and automation or, in other words, to learning. Thus, the better the subject\'s knowledge acquisition from the online stories, the higher the germane load should be. In accordance with this definition, a strong positive relationship between GL and performance is expected. However, as it was argued by certain researchers (Schnotz and Kürschner, [@B58]; Galy et al., [@B26]) GL should not be related to task performance but to other cognitive processes such as the application of conscious learning strategies. The germane processes are a function of the cognitive resources available and, furthermore, of the learner\'s motivation. If GL is effectively related to processes driven by user motivation, one could say that users should have the same motivation to learn in the three different versions of the online newspaper. In order to shed light on the nature of germane load, we therefore propose to examine what are the relationships between GL, performance and cognitive absorption. Derived from the theory of flow (Csikszentmihalyi, [@B20]), the concept of cognitive absorption is defined as "a state of deep involvement with software" (Agarwal and Karahanna, [@B1], p. 673) that encompass the five following dimensions: temporal dissociation (TD), focused immersion (FI), heightened enjoyment (HE), control and curiosity. According to Shang et al. ([@B60]), these dimensions represent different forms of intrinsic motivation. Even though cognitive absorption originally represented a general belief about hypermedia, here it is considered as a measure of immersion in the online newspapers (Jennett et al., [@B36]). The latest development of subjective rating scales (Leppink et al., [@B40]) tends to indicate that subjects are able to make the distinction between, and to report, levels of each type of load. We will examine whether subjective measurement can account for the variations in load in the specific context of this study. To the extent that the exact nature of germane load remains unclear for many researchers, relationships with performance and cognitive absorption will be observed.

Finally, in an endeavor to make a contribution to the objective measurement of independent factors of cognitive load, total fixation time in areas of interest will be examined to estimate if user attention has been attracted by the animations in the TPA version. Given that fixation duration increases and saccade length decreases when information processing rises, our study will then observe if there is a difference in these variables among the three newspaper versions when participants are reading the news stories. Finally, a thorough analysis of mean pupil diameter and Index of Cognitive Activity across the whole reading task will be conducted to estimate the total level of cognitive load experienced by users.

Methods {#s2}
=======

As stated above, our exploratory study was divided into two phases involving both the same materials and protocol. In the first phase, the main assumptions regarding multimedia influence on performance and variations of cognitive load factors were examined. Relationships between the subjective rating of cognitive loads and cognitive absorption were also observed. In the second phase, eye-tracking data was collected in order to provide reliable and objective measures. According to this two-phase experiment, this section will first present the material and methods used for both phases. Then, an emphasis will be put on the specific methods chosen for the eye-tracking data analysis.

Material
--------

### Online newspaper

Three versions of an original online newspaper were developed thanks to the CMS WordPress. We based the design of our website on an existing Belgian online newspaper that has received a number of awards for design. The articles selected for the experiment were inserted into the website\'s already established layout, resulting in 30 articles brought together in nine categories. The articles were selected on the basis of their relative interest and neutrality and concerned the following topics: Norwegian low cost airlines that had started to offer a service to New York City; The rise of Electronic cigarette usage in Europe, The use of DNA Spray in a burglar alarm. The three websites were hosted on a local server provided by the University in order to get a stable hosting.

### Measures

Subjective cognitive load was measured by a scale adapted from Leppink et al. ([@B40]) and designed to differentiate the three kinds of load. Taking into account that the scale was developed in the context of a statistics lecture, the items were adjusted to reflect the variations of loads in the specific context of this study. Intrinsic load was evaluated with three items referring to the complexity of the article content (e.g., "The article content was very complex"). Extraneous load with three items related to the supporting effect of website design for learning (e.g., "Website content is not clearly presented"). Germane load was inferred from four items that dealt with the contribution of the reading of articles to knowledge acquisition (e.g., "Reading the article has improved my comprehension of the presented topics"). All items were measured by a 10 point Likert scale ranging from "Strongly disagree" to "Strongly agree." A factorial analysis performed on the scale across the whole sample (*N* = 128) yielded a perfect three-factor solution. Each dimension showed a good internal consistency with Cronbach\'s alpha coefficients of 0.827 for IL, 0.701 for EL, and 0.782 for GL. As suggested by Leppink et al. ([@B40]) four items usually used to assess each load in previous studies were added to measure each kind of load. Overall cognitive load was evaluated with an item referring to the overall mental effort invested during the reading (Paas, [@B50]); IL^2^ with an item referring to the difficulty of the reading (Ayres, [@B6]); EL^2^ with an item pertaining to the difficulty to learn from the article (Cierniak et al., [@B19]) and GL^2^ with an item dealing with user\'s concentration during the reading (Salomon, [@B56]).

Cognitive absorption was measured by a scale adapted from Agarwal and Karahanna ([@B1]). Although the initial scale contains five dimensions, only three out of five dimensions were measured: FI, TD, and HE[^1^](#fn0001){ref-type="fn"}. The 11 items were assessed on a 7-point Likert scale ranging from "Strongly disagree" to "Strongly agree." A three-factor solution was yielded by a factorial analysis and each dimension had a high level of internal consistency (FI: α = 0.862; TD: α = 0.685; HE: 0.868). The users\' web expertise and frequency of use of online newspapers were also measured. For the former, participants had to report how much time on average they spent on the internet.

For the task performance measurement, a questionnaire including three recall and three recognition questions were given to the participants for each article. In order to avoid any effect related to the position of information in the paragraphs, the pieces of information to recall were located in paragraphs located at the beginning, the middle and the end of each article. The questions concerned factual information such as quantity or number to ensure that there was no effect from the participants\' prior knowledge. The recall questions took the form of sentence gap filling exercises. Subjects had to fill the gap in a sentence from the article with the missing information. In recognition questions, they had to select the right answer from five propositions. One point was granted for each correct answer and zero for an incorrect one. Mean performance scores were calculated for the first two articles in order to avoid serial position effect related to the last one.

Protocol
--------

The experimental procedure of the first phase was as follows: The participants were received in groups of six and randomly assigned to computers running different versions of the experimental website. They were required to fill out a preliminary questionnaire including questions about their age, mother tongue, gender and educational level. Their level of expertise with online newspapers was assessed by the frequency of use of non-specialized online newspapers as well as their Web expertise.Participants were asked to read the three articles of the category "Society" by their order of appearance, to wit: The article on the Norwegian airline, that on electronic cigarettes and finally, the DNA spray.After reading, participants had to assess the attractiveness, the interest and the complexity of each article and afterwards complete a questionnaire, including the three recall and three recognition questions, for each article.Next, participants filled out the cognitive absorption and cognitive load scale. Finally, they were asked to stay in their place until the last person had finished at which point they were invited to attend a debriefing session.

An experimental run took approximately 30 min for each participant. Except that in the second experiment participants were received on a one-to-one basis and the eye-tracker was calibrated, the protocol was strictly adhered to.

Participants
------------

### Phase 1

A total of 92 first-year psychology students participated in this study, for which they were given course credit. The participant group consisted of 80 women and 12 men and they had a mean age of 20, with a standard deviation of 3.33. Participants were split among the three newspaper versions (TPA, *N* = 30; TP, *N* = 32; TO, *N* = 30).

### Phase 2

Thirty-six participants that had not participated in the first study took part in this experiment. They were recruited thanks to a Facebook group dedicated to research experiments and received 7 euros (about 10 \$) for their participation. All participants had good vision and did not wear glasses or lens. Mean age was 23 years with a standard deviation of 2.89.

Apparatus
---------

### Phase 1

The website was presented in Mozilla Firefox 24 on a 19″ LCD monitor. The computer ran Windows 7 and the resolution was set to 1280 × 1024. Participants were asked to avoid opening new windows or tabs in Mozilla as well as using any other functionality. Mouse and keyboard were the input devices for the interaction.

### Phase 2

For technical reasons, the website was presented in Internet Explorer 11 instead of Mozilla Firefox. Mouse and keyboard were the input devices for the interaction. The computer ran Windows 7 and the 22″ LCD monitor resolution was set to 1680 × 1050. However, the website was displayed with the same resolution as in Phase 1: 1280 × 1024. Eye-tracking data was recorded using a FaceLab 5 (SeeingMachines™) remote eye-tracking device, sampled at 60 Hz and with an accuracy of 0.5°[^2^](#fn0002){ref-type="fn"}. The two video cameras and the infra-red spotlight were situated below the screen and participants were asked to stay in the front of cameras during the experimental run. The experiment was conducted in a usability laboratory that allows experimenters to observe and collect data about the users\' interactions without interacting with them.

Eye-tracking data analysis
--------------------------

The software delivered with the eye-tracking bundle (EyeWorks™, EyeTracking Inc.) has been used for extracting raw data and computing the Index of Cognitive Activity. Analyses were then carried out using the open source software OGAMA (Vosskühler et al., [@B69]). Mean Index of Cognitive Activity and pupil diameter were computed using data from both eyes and minimal fixation duration and spatial area were set to 200 ms and 40 pixels \[the expression in pixels of the average system accuracy (1°)\] and areas of interest have been drawn around similar sections to distinguish measures for paragraphs, pictures (in TPA and TP versions), peripheral animations and navigation menus. Because of calibration problems and artifacts, 12 participants had been excluded from the eye-tracking data analysis.

Results {#s3}
=======

Phase 1
-------

In order to observe the impact of online newspaper versions in the first experiment (Phase 1), all 10 dependent variables (see Table [1](#T1){ref-type="table"}) were first entered together in a One-Way MANOVA with the website version as the independent variable. It revealed a significant multivariate main effect for version \[Wilk\'s λ = 0.465, *F*~(14,\ 166)~ = 1.917, *p* \< 0.01, η^2^ = 0.139\]. Given the significance of the overall test, the univariate main effects were examined and described below. Table [1](#T1){ref-type="table"} presents the values (Mean, SD) for the 10 dependent variables in the first phase, respectively for the three versions TPA (text, pictures, animations), TP (text, pictures), and TO (text only).

###### 

**Means (*SD*) of the main dependent variables in the first phase**.

                 **Perf**.     **Cognitive load**   **Cognitive absorption**   **Alternatives items for cognitive load**                                                                                       
  -------------- ------------- -------------------- -------------------------- ------------------------------------------- ------------- ------------- ------------- ------------- ------------- ------------- -------------
  TPA *N* = 30   0.52 (0.17)   4.68 (1.61)          4.47 (2.45)                6.40 (1.62)                                 4.21 (1.19)   4.25 (1.15)   4.13 (1.69)   4.10 (1.32)   5.33 (1.03)   5.23 (1.10)   4.57 (1.19)
  TP *N* = 32    0.65 (0.23)   3.95 (1.72)          4.02 (2.01)                6.98 (1.55)                                 4.67 (1.26)   3.84 (1.09)   4.19 (1.27)   3.94 (1.29)   5.00 (1.34)   5.28 (1.05)   4.66 (1.28)
  TO *N* = 30    0.50 (0.18)   4.69 (1.59)          3.80 (1.40)                7.12 (1.33)                                 3.93 (1.34)   3.93 (1.36)   4.01 (1.30)   4.10 (1.27)   5.23 (1.38)   5.30 (1.47)   4.87 (1.99)

*TD, Temporal dissociation; FI, focused immersion; HE, heightened enjoyment; IL, intrinsic load; EL, extraneous load; GL, germane load; CL, overall cognitive load; IL^2^, intrinsic load alternative item; EL^2^, extraneous load alternative item; GL^2^, germane load alternative item; Perf., performance; TPA, text, pictures, animations; TP, text, pictures; and TO, text without pictures*.

One-Way ANOVA performed on the mean performance scores in Phase 1 yielded a significant main effect \[*F*~(2,\ 91)~ = 5.605, *p* = 0.05, η^2^ = 0.112\] of the online newspaper version. A Bonferroni *post-hoc* examination showed that participants\' performance was statistically significantly lower in TPA (*M* = 0.52, *SD* = 0.17; *p* \< 0.05) and TO (*M* = 0.50; *SD* = 0.18; *p* \< 0.01) version compared to the TP version (*M* = 0.65, *SD* = 0.23). There were no statistically significant differences between TPA and TO groups (*p* = 1). Regarding a potential effect of the time taken for reading the articles (see Appendix [2](#SM1){ref-type="supplementary-material"}), a Pearson correlation analysis indicated no significant relationship between duration and performance (*r* = 0.119, *p* \> 0.05). A One-Way ANOVA confirmed that there were no differences in reading time among the three website versions \[*F*~(2,\ 91)~ = 0.174, *p* \> 0.05\].

One-Way ANOVAs performed on the three dimensions of subjective rating scale of cognitive load did not find any significant effect of the newspaper version. There was no statistically significant difference in reported IL \[*F*~(2,\ 91)~ = 5.748, *p* = 0.128\] but subjects reported a lower level of intrinsic load in the TP version (*M* = 3.95, *SD* = 1.72) than in the TPA (*M* = 4.68, *SD* = 1.61) or TO version (*M* = 4.69, *SD* = 1.59). Despite that, these differences are not significant, Table [1](#T1){ref-type="table"} shows that reported level of extraneous load increased with the presence of animations (see Table [1](#T1){ref-type="table"}) while germane load decreased.

When the cognitive absorption scale was subjected to separate One-Way ANOVAs, no significant effects were observed for TD \[*F*~(2,\ 91)~ = 0.99, *p* \> 0.05\], Enjoyment \[*F*~(2,\ 91)~ = 0.160, *p* \> 0.05\]. However, FI showed a marginally significant main effect of the website version \[*F*~(2,\ 91)~ = 2.67, *p* = 0.074\].

Moreover, a Pearson\'s correlational analysis was conducted to examine the relationships between cognitive absorption, cognitive load (with the two set of items) and performance for the whole sample (*N* = 128). First, regarding the relationships between loads, correlations (see Table [2](#T2){ref-type="table"}) indicated that, as expected, there is a significant negative association between EL and GL (*r* = −470, *p* \< 0.01). However, the same pattern was not found between EL^2^ and GL^2^. IL and EL (*r* = 0.277, *p* \< 0.01) as well as IL^2^ and EL^2^ (*r* = 0.505, *p* \< 0.01) were positively correlated, indicating that the complexity of the material and the complexity of environment were seen as linked by the subjects. Dimensions that related to complexity (IL) or difficulty (IL^2^ and EL^2^) of the content were significantly positively correlated together as well as with the subjective overall cognitive load. IL (*r* = −0.177, *p* \< 0.05) and EL^2^ (*r* = −0.314, *p* \< 0.01) were also significantly negatively correlated with performance. Put differently, it highlights that the more complex and difficult the articles were perceived to be, the worse was the performance and the greater the reported mental effort. Although a relationship between GL and performance was posited, results revealed that neither GL (*r* = 0.045, *p* \> 0.05) nor GL^2^ (*r* = 0.06, *p* \> 0.05) were related to performance. Interestingly, only FI showed a significant positive relationship with performance (*r* = 0.237, *p* \< 0.01). Conversely, FI was negatively correlated with IL (*r* = −0.196, *p* \< 0.05) and EL (*r* = −0.347, *p* \< 0.01), showing that subjects reported being less immersed in the reading when the content was perceived as complex and the presentation was seen as unclear. Results underlined the same pattern between FI and IL^2^ (*r* = −0.317, *p* \< 0.01) or EL^2^ (*r* = −0.308, *p* \< 0.01). Analysis indicated that with both of the two techniques, similar types of load were significantly positively correlated together: IL and IL^2^ (*r* = 0.499, *p* \< 0.01), EL and EL^2^ (*r* = 0.374, *p* \< 0.01), GL and GL^2^ (*r* = 0.290, *p* \< 0.01).

###### 

**Correlations between cognitive load and cognitive absorption dimensions**.

          **Cognitive absorption**                       **Cognitive load scale**                        **Alternative items for cognitive load**                                                                                                                                                                                                                                                                                                     
  ------- ---------------------------------------------- ----------------------------------------------- ----------------------------------------------- ---------------------------------------------- ----------------------------------------------- ----------------------------------------------- ---------------------------------------------- ---------------------------------------------- ----------------------------------------------- ---------
  TD                                                                                                                                                                                                                                                                                                                                                                                                                                                  
  FI      **0.460[^\*\*^](#TN2){ref-type="table-fn"}**                                                                                                                                                                                                                                                                                                                                                                                                
  HE      **0.486[^\*\*^](#TN2){ref-type="table-fn"}**   **0.465[^\*\*^](#TN2){ref-type="table-fn"}**                                                                                                                                                                                                                                                                                                                                                 
  IL      0.036                                          **−0.196[^\*^](#TN1){ref-type="table-fn"}**     −0.004                                                                                                                                                                                                                                                                                                                                       
  EL      −0.133                                         **−0.347[^\*\*^](#TN2){ref-type="table-fn"}**   **−0.255[^\*\*^](#TN2){ref-type="table-fn"}**   **0.277[^\*\*^](#TN2){ref-type="table-fn"}**                                                                                                                                                                                                                                                 
  GL      **0.289[^\*\*^](#TN2){ref-type="table-fn"}**   **0.362[^\*\*^](#TN2){ref-type="table-fn"}**    **0.401[^\*\*^](#TN2){ref-type="table-fn"}**    −0.164                                         **−0.470[^\*\*^](#TN2){ref-type="table-fn"}**                                                                                                                                                                                                 
  CL      0.065                                          −0.004                                          **0.193[^\*^](#TN1){ref-type="table-fn"}**      **0.347[^\*\*^](#TN2){ref-type="table-fn"}**   0.065                                           0.0118                                                                                                                                                                                        
  IL^2^   **−0.176[^\*^](#TN1){ref-type="table-fn"}**    **−0.317[^\*\*^](#TN2){ref-type="table-fn"}**   **−0.214[^\*^](#TN1){ref-type="table-fn"}**     **0.499[^\*\*^](#TN2){ref-type="table-fn"}**   **0.258[^\*\*^](#TN2){ref-type="table-fn"}**    **−0.238[^\*\*^](#TN2){ref-type="table-fn"}**   **0.458[^\*\*^](#TN2){ref-type="table-fn"}**                                                                                                  
  EL^2^   0.154                                          **−0.308[^\*\*^](#TN2){ref-type="table-fn"}**   **−0.192[^\*^](#TN1){ref-type="table-fn"}**     **0.515[^\*\*^](#TN2){ref-type="table-fn"}**   **0.374[^\*\*^](#TN2){ref-type="table-fn"}**    **−0.294[^\*\*^](#TN2){ref-type="table-fn"}**   **0.308[^\*\*^](#TN2){ref-type="table-fn"}**   **0.505[^\*\*^](#TN2){ref-type="table-fn"}**                                                   
  GL^2^   0.066                                          **0.261[^\*\*^](#TN2){ref-type="table-fn"}**    **0.253[^\*\*^](#TN2){ref-type="table-fn"}**    0.152                                          −0.079                                          **0.290[^\*\*^](#TN2){ref-type="table-fn"}**    **0.579[^\*\*^](#TN2){ref-type="table-fn"}**   0.158                                          0.143                                           
  Perf.   0.051                                          **0.237[^\*\*^](#TN2){ref-type="table-fn"}**    0.114                                           **−0.177[^\*^](#TN1){ref-type="table-fn"}**    −0.106                                          0.045                                           0.077                                          −0.168                                         **−0.314[^\*\*^](#TN2){ref-type="table-fn"}**   --0.006

N = 128;

p \< 0.05;

*p \< 0.01*.

*TD, Temporal dissociation; FI, focused immersion; HE, heightened enjoyment; IL, intrinsic load; EL, extraneous load; GL, germane load; CL, overall cognitive load; IL^2^, intrinsic load alternative item; EL^2^, extraneous load alternative item; GL^2^, germane load alternative item; Perf., performance*.

Phase 2
-------

Regarding our main dependent variables, results highlighted that the same patterns were found in the two phases (see Appendix [2](#SM1){ref-type="supplementary-material"}). Taking into account the very small size of our samples and the supposed violation of normality, only non-parametric test were run to compare the eye-tracking data from the three website versions. However, the results of these tests should be interpreted carefully since it is known that with such a small sample, significance level is almost never reached (Krzywinski and Altman, [@B39]). Consequently, the main tendencies based on descriptive statistics will be also described below.

To compare the distribution of users\' attentional resources between the three website versions, an analysis of the mean number of fixations on each type of design element was conducted. There were more fixations on AOIs related to animations in TPA (*M* = 25.11, *SD* = 29.1) and TO versions (*M* = 25.37, *SD* = 29.27) than in TP version (*M* = 6.57, *SD* = 2.82). The mean total number of fixations on paragraphs showed a smaller increase in TP version (*M* = 484, *SD* = 66.32) than in TPA (*M* = 447.88, *SD* = 57.05) or TO (*M* = 441.62, *SD* = 67.55). In-paragraph pictures were almost equally fixated in TPA (*M* = 23.55, *SD* = 9.18) and TP version (*M* = 29.57, *SD* = 11.47). Menus were fixated on average 4 times (*SD* = 1.87) in TPA, 5 times (*SD* = 2.82) in TP and 8625 times (*SD* = 8.07) in TO. All Kruskal--Wallis[^3^](#fn0003){ref-type="fn"} tests ran on total number of fixations on element groups between website versions showed that there were no significant differences.

Means and standard deviations of eye-related dependent variables are presented in Table [3](#T3){ref-type="table"}. The first observations (left panel) concern the whole reading task across the three articles, regardless of which specific areas of interest were considered. To get a better understanding of information processing when users were reading the text only, averages have been computed for the paragraphs section (right panel). All Kruskal-Wallis tests ran on these variables did not yield any significant main effect of website version, except for saccade length when computed for paragraphs \[*X*^2^(2) = 7.33, *p* \< 0.05\]. Pairwise comparisons were performed using a Bonferroni correction for multiple comparisons. *Post-hoc* analysis revealed statistically significant differences in saccade length between TO (Mdn = 17.75) and TPA (Mdn = 8.556) (*p* = 0.01) but not between any other combinations.

###### 

**Means (*SD*) of the main dependent eye-related variables for all areas of interest and the paragraphs only**.

                            **All AOIs**                **Paragraphs**                                                                                                
  ------------------------- --------------------------- --------------------------- --------------------------- -------------------------- -------------------------- --------------------------
  Number of fixation        506.74 (32.21)              537.81 (117.56)             496.13 (81.56)              447.74 (64.26)             483.86 (105.73)            441.63 (94.84)
  Fixation                  480.05 (82.65)              478.82 (96.5)               462.14 (98.98)              480.46 (91.07)             475.77 (98.63)             461.45 (103.58)
  Duration (ms)                                                                                                                                                       
  Saccade length (pixels)   141.64 (10.92)              138.86 (4.43)               155.19 (32.72)              121.58 (7.03)              125.12 (3.94)              138.76 (19.39)
  Saccade velocity (°/s)    4.52 (0.17)                 4.38 (0.27)                 4.4 (0.38)                  4.43 (0.28)                4.39 (0.28)                4.26 (0.51)
  Pupil diameter (mm)       0.00326 (4.395^\*^10^−5^)   0.00332 (5.393^\*^10^−5^)   0.00324 (5.637^\*^10^−5^)   0.00325 (5.21^\*^10^−5^)   0.00332 (4.05^\*^10^−5^)   0.00323 (5.11^\*^10^−5^)
  ICA (system unit)         0.363 (0.007)               0.346 (0.020)               0.417 (0.016)               0.363 (0.010)              0.344 (0.019)              0.415 (0.018)

*TPA, text, pictures, animations; TP, text, pictures; and TO, text without pictures*.

Although these differences are not statistically significant, results (Table [3](#T3){ref-type="table"}) indicated that the Index of Cognitive Activity was the highest in TO and the lowest in TP (for both all AOIs and paragraphs only) whereas mean pupil diameter showed an inverted pattern. In an attempt to understand these differences, Friedman tests were conducted to determine if there were any differences in the levels of these two indicators across the different steps of the experimental runs (see Figures [1A,B](#F1){ref-type="fig"}). Pairwise comparisons were performed with a Bonferroni correction for multiple comparisons between related tasks (completing questionnaires, reading articles, recalling information, filling scales). The mean pupil diameter was statistically significantly different at the different steps during the experimental runs for TPA \[*X*^2^(3) = 21.933, *p* \< 0.001\], TP \[*X*^2^(3) = 18.826, *p* \< 0.001\], and TO \[*X*^2^(3) = 21.848, *p* \< 0.001\]. For every website version, *post-hoc* analysis revealed statistically significant differences in mean pupil diameter from reading articles to recall information. Conversely, the same analysis performed on the Index of Cognitive Activity did not yield any significant differences at the different steps of the experiment, whatever the website version.

![**Phase 2---Mean ICA (A) and mean pupil diameter (B) for each step of the experimental run in text, pictures and animations (TPA); text and pictures (TP), and text-only (TO) version**.](fpsyg-05-01099-g0001){#F1}

The same analysis was carried out on variations of these two indicators across the paragraphs (see Figures [2A,B](#F2){ref-type="fig"}) of the second article (to avoid serial position effect). The mean pupil diameter was statistically significantly different across the paragraphs during the reading of the second article for TPA \[*X*^2^(3) = 30.933, *p* \< 0.001\], TP \[*X*^2^(3) = 21.998, *p* \< 0.01\], and TO \[*X*^2^(3) = 35.907, *p* \< 0.001\]. For every website version, *post-hoc* analysis revealed statistically significant differences in mean pupil diameter from the first paragraph to the last one. When performed with the Index of Cognitive Activity data, the Friedman tests yield a significant difference between paragraphs for TPA only \[*X*^2^(3) = 16.40, *p* \< 0.05\] but without any significant pairwise comparison.

![**Phase 2---Mean ICA (A) and mean pupil diameter (B) across each paragraphs read in the second article for text, pictures and animations (TPA); text and pictures (TP), and text-only (TO) version**.](fpsyg-05-01099-g0002){#F2}

Discussion {#s4}
==========

The aim of this study was twofold. Firstly, we wanted to investigate whether the CLT framework can be used to explain the impact of multimedia on information retention from online news. Secondly, we wanted to explore to what extent both subjective self-reported scale and eye-related measures can account for the variations of the different types of load described within this frame of reference.

With regard to the first objective, results confirmed that performance in information retention from online news reading was impacted upon by the presence of irrelevant animations. The higher number of fixations on animations in TPA than in TP version suggests that the users\' attention could have been attracted by them. Surprisingly, there was as many fixations on animation zones in TO version as in TPA, whereas no animations were present in TO. Even though an artifact related to the eye tracking device accuracy could not be excluded (cf. Limits), it is also possible that user\'s attention was not well directed by the website layout in TO version. As stated by Sutcliffe and Namoun ([@B63]) allocation of attentional resources in web browsing is driven by top--down mechanisms and bottom--up processes. The former deals with user goals, while the latter is related to layout design and the saliency of the elements. Though the effect of layout design was controlled by replacing animations and pictures with gray layers in TO version, the saliency of these layers may have not been sufficient to guide users\' attention. In this case, users may have scanned the page as there were no delimited layout elements and their gazes may have fallen more frequently on the animations zones.

According to CLT framework (Sweller, [@B64]), we made the assumption that the lower performance in TPA could be explained by a rise of extraneous load in parallel with a decrease of germane load. Unfortunately, our results indicated that both the subjective cognitive load measurement scale and alternative items were unable to discern between specific levels of load among the three website versions. These results are consistent with previous studies that failed to relate differences in performance with variations in types of cognitive load (de Jong, [@B23]). However, it is noteworthy that we found the expected opposite relationships between EL and GL, showing that when users perceived the content presentation as unclear, they reported a lower contribution to their learning. Even though there were no significant differences in level of IL among website versions, the trend (in both Phase 1 and 2) indicated a lower level of IL in TP version, where the performance was the highest. The negative correlation seems to confirm the opposite relationship between IL and performance and corroborate our previous findings (Debue and Van De Leemput, [@B21]) since we have previously found that, in web based information search tasks, the reported level of IL was impacted by perceived performance.

Our study also provides interesting findings regarding the nature of germane load. First, the three-factor solution that emerged from the factorial analysis provides some additional support to the triarchic model of cognitive load. Second, in accordance with Leppink et al. ([@B40]), we did not find any relationship between IL and GL (or even IL^2^), which could indicate a non-linear association between these two types of load. As stated by Sweller ([@B65]), GL could not be related to the task characteristics but to learner motivation and may reflect the cognitive resources devoted to dealing with the matter to be learnt. Accordingly, when IL is too low or too high, the subject may not wish to invest further resources in strategies to enhance learning. Interestingly, we found that GL was indeed positively associated with the three dimensions of cognitive absorption, which represent a measure of user motivation (Shang et al., [@B60]). Thus, when users are intrinsically motivated by the environment they reported a greater ability to devote cognitive resources to learning and their performance improved. These results are consistent with Skadberg and Kimmel\'s findings ([@B61]) which demonstrated that when users are deeply focused and immersed in a website they tend to learn more about the content presented. Besides the fact that FI is positively linked with performance, there is no correlation between such and GL. This finding seems to provide support to Schnotz and Kürschner\'s ([@B58]) claim that GL would not be directly related to performance but would represent other cognitive processes that could promote learning.

Taken all together, these observations could explain why the performance was lower in our text-only version (TO) than in text and pictures (TP) version given the absence of distracting animations in both versions. According to Michailidou et al. ([@B47]), aesthetic judgment of web pages is a function of website layout and number of elements such as images and animations present. In this regard, the TO version could have been perceived as less aesthetic and the users may have been less motivated to devote mental resources to retain information from the articles read. This assumption seems to be supported by the lower level of FI reported in TO than in TP version, even if it contrasts with the seductive details theory (Harp and Mayer, [@B29]) that points out the negative effect of attractive but irrelevant additional content on schemata acquisition and learning. It could be argued that even if seductive details impair the construction of complex schemata by forcing the users to integrate this irrelevant content with essential material (Mayer et al., [@B45]), this effect only appears when deep learning activities are involved. In the context of simple information retrieval, seductive details seems to enhance user\'s motivation and task involvement which lead to a better performance in factual information retrieval. Notwithstanding this specific issue, our results are consistent with the cognitive affective theory of learning with media which claims that motivation plays an important role in instigating and maintaining cognitive processing in learning activities (Moreno and Mayer, [@B48]).

On the whole, these findings indicate that multidimensional subjective measures of cognitive load were able to account for the relationships between cognitive load factors. Nonetheless, variations among the three website versions were not detected which could be due to either a problem of scale sensitivity or to the relativity of the scale. As it has been pointed out by de Jong ([@B23]), we do not know what level of variation is relevant regarding the potential overload that occurs in one condition or in another. One more limitation is that subjective scales cannot account for variations over time but reflect only the average load experienced by the subject over the whole learning task. Hence, our study investigated whether objective measures could account for these variations as well as whether they can be related to specific types of load.

Despite our small sample size and the lack of statistical significance, the trends observed in our exploratory eye-tracking experiment provide some interesting findings. Longer fixations and shorter saccades were found in TPA version, which could indicate that (extraneous) cognitive load was higher and that more attentional resources were required to read the articles when subjects faced distracting animations. This result is in line with findings from several studies that highlighted the relationship between higher cognitive load and longer fixation (De Greef et al., [@B22]; Liu et al., [@B41]; Buettner, [@B11]) and shorter saccade (Chen et al., [@B16]; Holmqvist et al., [@B33]).

Interestingly, our trends indicated that the mean pupil diameter was higher in TP whereas it was equivalent in the two other versions. It could be underlined that variations were very small but such as small difference have been found as significant in other studies (De Greef et al., [@B22]). As pupillary response has been associated with information processing (Backs and Walrath, [@B8]) it is noteworthy that pupil diameter was higher only in the version which had led to the best performance. Nevertheless, our results cast some doubts on the nature of processes which are reflected by the variations of pupil diameter. Although the pupil variations observed across the different steps of the experiment could be explained by the luminance variation, the decrease in this indicator while subjects went along the paragraphs is rather astonishing. Furthermore, while both mean pupil diameter and the Index of Cognitive Activity were supposed to be related to cognitive demand, we found that they did not show the same patterns of variation, which raises many issues about the exact nature of these measures.

Our study suffers from some limitations that should be taken into consideration. First, our sample size in the second phase of our experiment was very limited. Even though our eye-tracking results showed relevant trends, a larger sample size would have provided a better statistical power. Second, regarding our measurement tools, the subjective scale we used to measure cognitive load was adapted from a very different situation (a statistics lecture). Even if the items were modified in order to fit into our research context, a scale specifically designed for evaluating cognitive load in the use of hypermedia might have provided more accurate and reliable results. Moreover, we think that a more sensitive scale, ranging from 1 to 100 instead of a 10 point Likert scale for instance, would have been able to detect subtler variations of load among the website versions. In addition, we administered the scale at the end of the task and, in this way, our subjective cognitive load rating could not take into account the variations of load over time. It would have been interesting to present the scale after the end of each article in order to overcome these limitations and to provide a better temporal accuracy. Concerning the eye-related measures, it should be noted that the definition of the areas of interest and the relative accuracy of the eye-tracking device may have produced some artifacts with regards to measures that were computed for these areas. Third, we could also formulate some remarks about the design used in this study. While a three-condition design has provided many interesting results that would not have emerged with only two conditions, it had increased the complexity of the analysis and a two-condition design would have been better in terms of statistical power. On another note, because the eye-related measures vary greatly from one individual to another---they are *idiosyncratic*---it might have been difficult to distinguish the variations between participants from those caused by the differences among website versions. A within-subjects design, where participants would have to go through each version and the presentation order would be counterbalanced, should be applied in further experiments.

In conclusion, it appears from the aforementioned findings that cognitive load is a multidimensional concept that encompasses several factors. By providing some understandings of the means that can be used to gauge the cognitive load, our study sets the stage for further confirmatory studies.
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^1^Because subjects were explicitly asked to use the online newspaper during the experiment, control and curiosity were not retained in the definition of CA.

^2^According to Bartels and Marshall ([@B8a]), the Index of Cognitive Activity is not influenced by the sampling rate and can be registered with slow rate (60 Hz) eye tracking devices.

^3^A Mann--Whitney test was run for in-paragraph pictures.
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